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INTRODUCTION

22
Iron and hydrogen peroxide are routinely measured at micromolar to hundreds of 23 micromolar levels in cloud and fog water, [1] [2] [3] [4] [5] and consequently the Fenton reaction between 24 iron(II) and hydrogen peroxide (H2O2) can be a significant source of hydroxyl (OH) radicals in 25 the condensed phase. 6 The Fenton reaction (Reaction 1) has been known since the late 1800's 7
26
and has been used for many years as a technology to remove organic contaminants in water, 8, 9 27 but has only recently been investigated in atmospheric aerosols and cloud droplets. [10] [11] [12] [13] [14] [15] In ambient cloud droplets and aerosol particles which contain copper, iron(III) may also be 42 reduced through redox coupling with copper(I), thereby providing a dark mechanism for 43 recycling of iron(II) for the Fenton reaction.
18,19
44
Fenton and Photo-Fenton chemistry may also take place in aqueous aerosols as they can 45 also contain the necessary precursors 20, 21 and in some cases may have higher concentrations of 46 iron and hydrogen peroxide than in cloud droplets. 22 The production of OH radicals from this 47 chemistry provides an alternate route of oxidation within the condensed phase and can contribute 48 to aerosol aging.
49
Secondary organic aerosol (SOA) material can be a significant component of ambient 50 aerosol and of the organic content in cloud water. 23 When dissolved in the aqueous phase, SOA was measured using benzoic acid as a radical trap 38,39 and analysed offline with HPLC.
67
Comparison to the classic Fenton and Photo-Fenton reactions (i.e. with H2O2) was used to 68 determine whether SOA material enhances or diminishes the production of OH.
69
MATERIALS AND METHODS
70
Dark-Fenton and Photo-Fenton Reactions
71
All Fenton reactions (referred to as Dark-Fenton) were conducted in amber glass vessels 72 to reduce ambient light from impacting the reaction. Photo-Fenton reactions were conducted in 73 10 mL quartz reaction vessels in a Suntest CPS solar simulator (Atlas) with a xenon lamp, which
74
has an emission spectrum in the actinic range (~290-800 nm) (See Figure S1) concentration. The production of PHBA from this process was accounted for and subtracted from 110 the measured concentration of PHBA from Photo-Fenton reactions (< 30% of total signal).
111
Formation of PHBA from direct photolysis of H2O2 and/or SOA material (i.e. no iron present for
112
Fenton chemistry) was also accounted for (< 13% of total signal).
113
RESULTS AND DISCUSSION
5
Dark-Fenton and Photo-Fenton reactions were confirmed to occur with hydrogen 115 peroxide under our experimental conditions. As expected, the Dark-Fenton reaction (Figure 1) 116 produced fewer OH radicals than the equivalent Photo-Fenton reaction with H2O2 (Figure 2) , 117 where the OH yield (in terms of H2O2) at 60 minutes for the Photo-Fenton reaction was 6 times 118 greater than the Dark-Fenton reaction ( Table 1) . Notably, the OH production from both the pinene SOA material (1500 μM). However, the relative iron concentration used was much higher
131
(15 to 50 times higher iron concentrations than this study), which could explain the observed 132 differences in OH production.
133
To explore the effect that SOA has on OH generation from the Photo-Fenton reaction, a chemistry has not previously been investigated.
148
To investigate the effect of a major carboxylic acid present in α-pinene SOA, pinonic 149 acid (1500 µM) was used in place of the SOA material in the Photo-Fenton reaction with H2O2.
150
A similar suppression of the total OH production is observed compared to the case with H2O2 
324
In situ photoformation of hydroxyl radical and singlet molecular oxygen. Atmos. Environ. (Figures 1 and 2 ) and the yield of PHBA, Inc.). Spectra were recorded using 10 ms integration time and averaged over 20 scans.
22 Figure S1 shows the irradiance as a function of wavelength for the Suntest CPS solar 23 simulator, measured at the location of the reaction solutions, compared to that expected 24 of sunlight.
25
The spectral irradiance of sunlight was calculated over the wavelength range of 
SOA Generation and Collection
36
SOA was generated at room temperature (293 ± 3 K) from the ozonolysis of gas phase α- ortho-, meta-, and para-hydroxybenzoic acid, shown in Figure S2 . Para-hydroxybenzoic acid
53
(PHBA) was quantified in our study as it had good sensitivity and reproducible calibrations.
54
In order to calculate OH concentrations produced from reaction, the PHBA concentration 55 was corrected for the yield of PHBA from the reaction below, previously determined to be 56 18%. 
